Angiogenesis is important for the formation and development of the corpus luteum and for maintenance of luteal function. Blood vessel regression is an important physiological phenomenon in the corpus luteum, which is associated with tissue involution during structural luteolysis. Angiogenesis actively occurs during the early luteal phase and is completed by the mid-luteal phase. Perivascular cells (pericytes) increase in number from the early luteal phase to the mid-luteal phase, suggesting that blood vessels are gradually stabilized until the mid-luteal phase. In the corpus luteum undergoing luteolysis, blood vessels and pericytes decrease in number, which is related to structural involution. In the corpus luteum of early pregnancy, the number of blood vessels with pericytes increases, suggesting that angiogenesis occurs again, accompanied by blood vessel stabilization. These changes in vasculature of the corpus luteum are regulated by the collaboration with vascular endothelial growth factor, which is involved in proliferation of vascular endothelial cells, and angiopoietins, which are involved in stabilization of blood vessels. This review focuses on angiogenesis, blood vessel stabilization and blood vessel regression during the divergent phases of luteal formation, luteal regression and luteal rescue by pregnancy. (Reprod Med Biol 2008; 7: 91-103) 
INTRODUCTION
A NGIOGENESIS IS IMPORTANT for the formation and development of the corpus luteum and for maintenance of luteal function. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] The granulosa cell layer of the follicle is avascular until the time of ovulatory luteinizing hormone (LH) surge, and then vascular endothelial cells of the theca cell layer invade the avascular granulosa cell layer, which is the first step in corpus luteum formation. 8, 9, 13 Thereafter, blood vessels are rapidly formed in the corpus luteum and the corpus luteum becomes one of the most highly vascularized organs in the body within 7 days of ovulation. [6] [7] [8] [9] [10] [11] [12] [13] In fact, the corpus luteum has the highest blood supply per unit mass of any tissue in the body, and is eightfold that of the kidney.
14,15 Ferrara et al. demonstrated for the first time in 1998 that angiogenesis by vascular endothelial growth factor (VEGF), which plays a central role in angiogenesis in a variety of organs, is necessary for corpus luteum formation.
2 Subsequent studies have
shown that angiogenesis by VEGF is also necessary for the development of the corpus luteum in several animal species. 3, 5, 7, 16, 17 To maintain progesterone production for successful pregnancy, especially when the corpus luteum is rescued by pregnancy, not only is high vascularization necessary, but also stabilization of blood vessels in the corpus luteum seems to be necessary to provide luteal cells with the large amounts of cholesterol needed for progesterone synthesis and to deliver progesterone to the circulation. Therefore, blood vessels in the corpus luteum need to stabilize and mature to serve as functional blood vessels.
18 Functional blood vessels are critical for maintaining blood flow in the corpus luteum, and luteal blood flow is an important factor in regulating luteal function.
19-25 Impaired vascularization of the corpus luteum has been suggested as a possible cause of luteal phase defect. 19, 23, 24 The mechanism involved in the prolongation of the lifespan of the corpus luteum when pregnancy occurs has been a matter of concern, although several factors, including human chorionic gonadotropin (HCG), have been reported to be involved in the rescue of the corpus luteum. [26] [27] [28] [29] [30] High vascularization seems to be necessary to maintain the corpus luteum in early pregnancy. Blood vessel regression, another important physiological phenomenon in the corpus luteum, is typically associated with tissue involution during structural luteolysis. 5, 13, [31] [32] [33] When animals do not become pregnant, regression of the corpus luteum is essential for normal cyclicity as it allows for development of a new ovulatory follicle. Regression of the corpus luteum is defined as the process in which the corpus luteum declines in function, decreases in volume and thereafter disappears from the ovary. 29 Corpus luteum regression consists of two phases, functional luteolysis and structural luteolysis. Structural luteolysis is defined as structural involution of the corpus luteum and is clearly distinguished from functional luteolysis, which is generally characterized by depletion of progesterone production without structural changes, such as loss of luteal cells. A number of factors have been demonstrated to be involved in structural luteolysis. [26] [27] [28] [29] 34 It is generally believed that structural luteolysis involves blood vessel regression. Deletion of endothelial cells or detachment of endothelial cells from the basement membrane have been reported to be found in the corpus luteum during structural luteolysis. 5, 13, [31] [32] [33] This review focuses on angiogenesis, blood vessel stabilization and blood vessel regression during the divergent phases of luteal formation, luteal regression and luteal rescue by pregnancy.
ANGIOGENESIS IN THE CORPUS LUTEUM

H
ERE WE SUMMARIZE what is known about the changes in the number of blood vessels and pericytes in the human corpus luteum throughout the menstrual cycle and in early pregnancy.
Changes in the number of blood vessels
The number of blood vessels in the corpus luteum can be measured by immunodetection of CD34, a marker of vascular endothelial cells. 13 The number of blood vessels significantly increases from the early stage to the late stage of the early luteal phase, and reaches the same level as the mid-luteal phase during the early luteal phase (Fig. 1a) , suggesting that angiogenesis is occurring during the early luteal phase and is completed by the mid-luteal phase of the menstrual cycle. In fact, activated angiogenesis has been demonstrated in the early luteal phase corpus luteum. The rate of endothelial cell proliferation is highest during corpus luteum formation, then decreases and remains low during the mid-luteal phase. 10, [35] [36] [37] [38] [39] In all mammals studied to date (e.g. rat, sheep, bovine, mare, non-human primate and human), angiogenesis is most intense during the early luteal phase. pericytes in the corpus luteum throughout the menstrual cycle and in early pregnancy. Immunohistochemistry for CD34, a marker of vascular endothelial cells, and for α-smooth muscle actin (α-SMA), a marker of pericytes, was carried out on tissue samples obtained from the early stage of the early luteal phase (LP) (days 1-3 of luteal phase, with day 1 being the day of ovulation), the late stage of the early luteal phase (days 4-5), the mid-luteal phase (days 6-11), the late luteal phase (days 12-15), the next follicular phase (regression phase after the onset of menstruation, days 3-7 of the follicular phase), and in early pregnancy (6-8 weeks of pregnancy). In the tissue sections for the immunohistochemical study of CD34 and α-SMA, the number of blood vessels or pericytes was determined by counting the number of CD34-positive vessels or α-SMA-positive vessels per unit area in the histological section at 200×, and the number of luteal cells was also counted in the same area. The number of blood vessels or pericytes was expressed per 100 luteal cells. The number of luteal cells in the corpus luteum of the next follicular phase could not be quantified because of cell death of the luteal cells and was expressed as NC (not countable). Tissue samples were obtained from three different patients for each group. Values are mean + standard error.
